
Working Papers

Modeling and Stochastic Simulation
of

NOM Reactions

Analysis supporting the project:
“Stochastic Synthesis - Simulating the Environmental Transformations

of Natural Organic Matter”

Steve Cabaniss
University of New Mexico

Summer 2002



Contents

1.) NOM Evolution: Defining the Problem
2.) Evolution of NOM: Starting Materials
3.) Reactions of NOM
4.) Calculating Reaction Probabilities



















Evolution of NOM: Starting Materials

NOM is ultimately derived from the organic compounds in plants, either directly exuded
or decomposed, or indirectly via animals.  It therefore seems reasonable to begin a model of
NOM evolution with biomolecules known to exist in plants.  Wershaw (1994) has suggested that
the basic classes of NOM precursors must include cellulose, hemicelluloses, lignin, lipids, cutins
and proteins and amino acids.  While each of these classes contains many different specific
structures, it may be possible to devise ‘average’ structures which represent the structure and
reactivity of the class.  These ‘average’ structures can then be used as the starting materials in
the stochastic NOM reactions.

Each ‘average’ structure must have the following properties:

Numbers of atoms for the elements C, H, N, O, S, and P
Numbers of functional groups and structural features:

Total ring structures
Phenyl groups
Alcohols  (alkyl C-O-H groups)
Phenols (aromatic C-O-H groups)
Ethers (C-O-C links)
Esters (ester links, C(=O)-O-C)
Ketones (ketone groups, C-C(=O)-C)
Aldehydes (aldehyde groups, C-C(=O)-H)
Acids (carboxylic acid groups, -COOH)
Aryl Acid (COOH groups on aromatic rings)
Amines (amine groups, C-NH2)
Ring N (Nitrogen atoms in heterocyclic rings)
Amides (amide links, C-C(=O)-N(-H)-C)
Thioethers (thio-ether links, C-S-C)
Thiols (thiol groups, C-S-H)
Phosphoesters (phosphates bound to 3 C chains, R-O-P(=O)(OR)-OR )
H-phosphoesters (phosphates bound to 2 C chains, R-O-P(=O)(OH)-OR )
Phosphates (phosphates bound to 1 C chain, R-O-PO3H2)

This information defines a molecule uniquely for the purposes of this simulation,
although several different compounds might exist which could satisfy the conditions this
information represents.
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 A. Cellulose

The average cellulose fragment described below represents a chain of 60 D-glucose 
units, linked together through carbons 1 and 4.  Actual cellulose molecules are larger and
insoluble; the average molecule described here is a smaller soluble fragment, presumably lysed
from the parent molecule enzymatically.   One question which arises is whether the O-linkages
in this structure are adequately described as ether groups, or if they should be given a separate
designation (1,1 di-ethers?) To indicate their special structure and reactivity.

Numbers of atoms 
360 C
602 H
0 N
301 O
0 S
0 P

Numbers of functional groups and structural features:

60 Total ring structures
0 Phenyl groups
182 Alcohols  
0 Phenols 
119 Ethers 
0 Esters 
0 Ketones 
0 Aldehydes 
0 Acids 
0 Aryl Acid 
0 Amines 
0 Ring N
0 Amides 
0 Thioethers 
0 Thiols
0 Phosphoesters 
0 H-phosphoesters 
0 Phosphates

B.  Hemicelluloses (to be added)
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C. Lignin
The average lignin molecule described below represents an oligomer of 40 conferyl

alcohol units condensed together via ether linkages (implying dehydration).  This is a vast
oversimplification of the variety of monomeric units in lignin, but retains the important features
of high aromaticity and numerous aryl-alkyl ether linkages. 

Numbers of atoms 
400 C
322 H
0 N
81 O
0 S
0 P

Numbers of functional groups and structural features:

40 Total ring structures
40 Phenyl groups
1 Alcohols  
1 Phenols 
118 Ethers 
0 Esters 
0 Ketones 
0 Aldehydes 
0 Acids 
0 Aryl Acid 
0 Amines 
0 Ring N
0 Amides 
0 Thioethers 
0 Thiols
0 Phosphoesters 
0 H-phosphoesters 
0 Phosphates

D. Lipids (to be added)

E. Cutins (to be added)



F. Proteins
Proteins occur in bewildering variety, but all are built upon a backbone of amino acids

linked into a peptide chain.  The average protein molecule described below is based upon the
listed average amino acid content and a chain length of 50 residues.

Amino acid R group
10% Glutamic acid CH2-CH2-COOH
10% Lysine CH2-CH2-CH2-CH2-NH2
10% Glutamine CH2-CH2-CONH2
10% Serine CH2-OH
10% Threonine CHOH-CH3
10% Glycine H
10% Alanine CH3
10% Valine CH-(CH3)2
10% Leucine CH2-CH-(CH3)2
10% Phenylalanine CH2-C6H5

Numbers of atoms 
240 C
332 H
60 N
76 O
0 S
0 P

Numbers of functional groups and structural features:

5 Total ring structures
5 Phenyl groups
10 Alcohols  
0 Phenols 
0 Ethers 
0 Esters 
0 Ketones 
0 Aldehydes 
6 Acids 
0 Aryl Acid 
6 Amines 
0 Ring N
54 Amides 
0 Thioethers 
0 Thiols
0 Phosphoesters 
0 H-phosphoesters 
0 Phosphates
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